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Simple Summary: DVT is an intravascular blood clotting disorder that can be a life-threatening
disease, particularly if it occurs in critically ill patients. Typically, distal DVT develops following
a vascular injury associated with incidental trauma commonly involving lower extremities, which
is transient and benign condition localized in the lower legs as solitary lesion. However, proxi-
mal/central DVT (i.e., venous thromboembolism) typically occurs in association with critical illnesses
such as sepsis, diabetes, hypertension, cancer, autoimmune disease and others in the hospitalized
patient, especially in the ICU. Recognition of different pathogenesis between distal DVT and prox-
imal/central DVT is critically important because the prognosis is poorer in VTE. Its therapeutic
approach should be different from distal DVT. The aim of this review is to identify the pathogenesis
of two different types of DVT based on in vivo hemostatic mechanisms, which can explain their
distinct phenotypes by clinical characteristics, laboratory data and imaging findings. An appropriate
preventive measure can be put into the practice to avoid the onset of VTE. Additionally, should VTE
be developed, proper and rational therapeutic regimen based on its pathogenesis can be designed for
clinical trials to improve the outcome.

Abstract: Venous thrombosis includes deep venous thrombosis (DVT), venous thromboembolism
(VTE), venous microthrombosis and others. Still, the pathogenesis of each venous thrombosis is not
clearly established. Currently, isolated distal DVT and multiple proximal/central DVT are considered
to be the same macrothrombotic disease affecting the venous system but with varying degree of
clinical expression related to its localization and severity. The genesis of two phenotypes of DVT
differing in clinical features and prognostic outcome can be identified by their unique hemostatic
mechanisms. Two recently proposed hemostatic theories in vivo have clearly defined the character
between “microthrombi” and “macrothrombus” in the vascular system. Phenotypic expression of
thrombosis depends upon two major variables: (1) depth of vascular wall damage and (2) extent of
the injury affecting the vascular tree system. Vascular wall injury limited to endothelial cells (ECs)
in sepsis produces “disseminated” microthrombi, but intravascular injury due to trauma extending
from ECs to subendothelial tissue (SET) produces “local” macrothrombus. Pathogen-induced sepsis
activates the complement system leading to generalized endotheliopathy, which releases ultra large
von Willebrand factor (ULVWF) multimers from ECs and promotes ULVWF path of hemostasis. In
the venous system, the activated ULVWF path initiates microthrombogenesis to form platelet-ULVWF
complexes, which become “microthrombi strings” that produce venous endotheliopathy-associated
vascular microthrombotic disease (vEA-VMTD) and immune thrombocytopenic purpura (ITP)-like
syndrome. In the arterial system, endotheliopathy produces arterial EA-VMTD (aEA-VMTD) with
“life-threatening” thrombotic thrombocytopenic purpura (TTP)-like syndrome. Typically, vEA-VMTD
is “silent” unless complicated by additional local venous vascular injury. A local venous vessel trauma
without sepsis produces localized macrothrombosis due to activated ULVWF and tissue factor (TF)
paths from damaged ECs and SET, which causes distal DVT with good prognosis. However, if
a septic patient with “silent” vEA-VMTD is complicated by additional vascular injury from in-
hospital vascular accesses, “venous combined micro-macrothrombosis” may develop as VTE via
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the unifying mechanism of the “two-path unifying theory” of hemostasis. This paradigm shifting
pathogenetic difference between distal DVT and proximal/central DVT calls for a reassessment of
current therapeutic approaches.

Keywords: combined micro-macrothrombosis; deep vein thrombosis; endotheliopathy; hemosta-
sis; immune thrombocytopenic purpura; macrothrombosis; venous thromboembolism; vascular
microthrombotic disease

1. Introduction

Venous thrombosis is typically recognized as “macrothrombosis” involving the veinous
vessels of the circulatory system. Following a local intravenous vascular injury, it can initi-
ate hemostasis and thrombosis in small, medium or large-sized veins, including venous
sinuses as well as the pulmonary vasculature. Commonly, small, localized, isolated or
distal, and deep or superficial vein macrothrombosis is transient and behaves as benign
condition since it occurs as a result of normal hemostasis following an incidental vascular
trauma that can be self-repaired utilizing normal physiological mechanism. Uncomplicated
local thrombosis is resolved by natural fibrinolysis without clinical sequalae in the absence
of underlying pathology such as sepsis, atherosclerosis, hypertension, autoimmune disease,
diabetes or cancer [1,2].

In addition, there is another group of venous thrombosis developing in the microvas-
culature, including venules, venous sinusoids, and vasa vasorum, which is characterized
by “microthrombosis” that occurs in sepsis or other critical illnesses in association of
endotheliopathy-associated vascular microthrombotic disease (EA-VMTD) [3,4]. In this
case, both arterial EA-VMTD (aEA-VMTD) and venous EA-VMTD (vEA-VMTD) may
coexist when the underlying disease such as sepsis activates the complement components
leading to the formation of membrane attack complex (i.e., C5b-9) that promotes arterial
and venous endotheliopathy. Unlike aEA-VMTD that triggers life-threatening thrombotic
thrombocytopenic purpura (TTP)-like syndrome [5], vEA-VMTD is “silent” and ‘transient”
disorder because efficient physiologic dissolution of microthrombi takes place by ultra
large usually large von Willebrand factor (ULVWF)-cleaving protease ADAMTS13 in slow
venous circulation. Further, hypoxic organ dysfunction syndrome does not occur in ve-
nous microthrombosis. Even in significant septic endotheliopathy, commonly occurring
vEA-VMTD may remain asymptomatic other than consumptive thrombocytopenia (i.e.,
ITP-like syndrome) unless it is complicated by additional vascular event resulting in com-
plex arterial and/or venous thrombotic syndromes, which were sometimes encountered in
SARS-CoV-2 sepsis [4,6–10].

During the COVID-19 pandemic, as predicted [11], the main clinical feature has been
found to be acute respiratory distress syndrome (ARDS) characterized by microthrombosis
in the pulmonary vasculature, but unexpectedly it was coexisted with “complex” form of
macrothrombotic disorders such as pulmonary thromboembolism (PTE), and multiple large
proximal/central catheter-associated deep venous thrombosis (DVT), venous thromboem-
bolism (VTE), cerebral venous sinus thrombosis (CVST), inferior vena cava thrombosis
(IVCT)/superior vena cava thrombosis (SVCT), Budd–Chiari syndrome, splanchnic vein
thrombosis (SVT), and many others [6–10,12–15]. These complex thrombotic disorders have
become a very important issue in the understanding of the character of each thrombotic
disease as well as in managing of COVID-19 infection. No clear pathogenetic mechanisms
have been identified yet, and medical community has been intrigued by the relationship of
VTE and the character of ARDS [4,11]. The pathogenesis of inexplicable various thrombotic
syndromes in COVID-19 infection has been a great challenge to this author, which led me
to reexamine the mechanism of thrombogenesis producing the complex phenotypes of
DVT by applying the hemostatic theories in vivo [4].
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In this review, two different faces of DVT, distal DVT and proximal/central DVT (i.e.,
VTE), will be analyzed and their pathogenetic mechanisms be identified based on two
hemostatic theories, “two-path unifying theory” of hemostasis and “two-activation theory
of the endothelium” [16,17] with supporting laboratory data reported in the COVID-19
pandemic literature [4]. Proper clinical phenotype classification of thrombosis based on the
pathogenesis and diagnostic characteristics will be presented, and therapeutic approach for
prevention and potential management of VTE will be discussed.

2. Distal DVT vs. Proximal/Central DVT

The clinical features of DVT are influenced by the site of the vascular injury, depth
of vascular wall damage, and extent of vascular tree involvement and affected organ as
well as the size, shape, multiplicity and embolic manifestation of thrombosis. Depending
upon distal vs. proximal/central location, small vs. large, simple vs. irregular, solitary
vs. multiple, and non-embolic vs. embolic attributes, two major clinical phenotypes can
be recognized as shown in Table 1 [18–21]. Tentatively, they will be grouped into (1) “dis-
tal DVT” for solitary/small thrombus typically involving infra-popliteal veins which is
incidentally diagnosed without an underlying disease and (2) “proximal/central DVT”
for multiple/large thrombi or long/extended thrombi involving one or more of central
veins in the hospitalized patient with an underlying disease such as sepsis. Although their
clinical severity and prognostic outcome are very different between distal DVT and proxi-
mal/central DVT, both phenotypes of DVT are conceptually accepted to be the same venous
macrothrombosis initiated by tissue factor (TF)-FVIIa complex leading sequential activation
of extrinsic coagulation cascade following an intravenous vascular injury. Nonetheless,
unmistakable disparity in their clinical feature and prognosis has been the subject of con-
troversial debate in regard to the therapeutic approach and perhaps contributed to the
inconsistent result in interpreting of therapeutic clinical trials [22,23].

Table 1. Clinical features of two phenotypes of venous thrombosis.

Examples of Phenotypes
Distal DVT
(De Novo Venous
Macrothrombosis)

Proximal/Central DVT
(Combined Venous Micro-Macrothrombosis)

Disease Examples
Distal DVT

Solitary DVT
Complex DVT

Proximal/central DVT
VTE/PTE
CVST
IVCT/SVCT
Budd–Chiari syndrome
Splanchnic vein thrombosis

Clinical Features Example in DVT
Size Small Large and extended
Shape Simple Irregular
Multiplicity/character of thrombosis Single, and isolated Multiple, and connected
Embolic complication Absent or unusual Common
Prognosis Excellent Very unfavorable

Mechanisms of Vascular Injury

Event/Underlying disease Local trauma (rarely with
surgery/vascular access)

Underlying vEA-VMTD (e.g., sepsis) + local trauma
(commonly with surgery/vascular access)

Extent of vascular damage Local ECs/SET injury Disseminated ECs injury + local/regional ECs/SET
injury

Note: CVST, cerebral venous sinus thrombosis; DVT, deep vein thrombosis; vEA-VMTD, venous endotheliopathy-
associated vascular microthrombotic disease; ECs, endothelial cells; EVT, extravascular tissue; PTE, pulmonary
thrombo-embolism; SET, subendothelial tissue.
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According to the hemostatic principle, DVT can be defined as thrombosis resulting
from hemostasis in vascular injury in the venous system following the damage of ECs and
subendothelial tissue (SET)/extravascular tissue (EVT), which genesis is explained in Three
essentials in thrombosis and thrombogenesis shown in Table 2 derived from Three essentials
of hemostasis [3,11]. Distal DVT usually occurs in the outpatient setting caused by isolated
traumatic vascular injury resulting in activated extrinsic coagulation cascade leading to
fibrin clot. On the other hand, proximal/central DVT (i.e., VTE) commonly occurs in the
hospitalized patient and often characterized by large irregular thrombi at multiple sites.
Although the hospitalization is known to be a major risk factor for serious DVT [24,25],
especially in the intensive care unit setting [26–28], its pathogenetic difference from distal
DVT has not been seriously evaluated from the point of view of molecular pathogenesis yet.
Many determinants such as old age, immobilization, high altitude flying, drug, pregnancy,
trauma and associated diseases such as diabetes, infection, autoimmune disease, cancer
and sepsis have been thought to be risk factors. However, according to three essentials in
thrombosis and thrombogenesis, the true risk “event” for thrombosis is only one, which
is “vascular injury” due to a trauma. This injury is particularly common in the hospital
resulting from vascular invasive “events”. Thus, the above listed determinants are not
considered to be the risk factor for DVT, but are just contributing factors to vascular injury or
potentiating factors for thrombosis only after vascular injury [17]. It is the hemostatic logic
and natural law that thrombogenesis does not occur without ULVWF multimers and/or
TF which are released into circulation following vascular wall damage. As illustrated in
Figure 1 and Table 2, hemostasis cannot be initiated and thrombosis be produced without
ULVWF and/or TF.

Table 2. Three essentials in thrombosis and thrombogenesis.

1—Genesis of Primary Phenotypes of Thrombosis

(1) The phenotype is determined by the functional character of the injured vessel
(i.e., vascular pressure and oxygen/CO2 carrying function: arterial or venous vasculature)

(2) The phenotype is determined by the location of the involved vessel
(i.e., involved organ or tissue: brain, lungs, heart, liver, nerve, muscle etc.)

(3) The phenotype is determined by the size of the vasculature
(i.e., microvasculature and larger vessel: capillary/arteriole, venule, artery, vein)

(4) The phenotype is determined by the depth of vascular wall injury
(i.e., ECs, SET, and/or EVT)

2—Genesis of Secondary Phenotype of Thrombosis

(1) The secondary phenotype is influenced by the extent of vascular tree involvement
(e.g., localized injury vs. disseminated injury: e.g., sepsis vs. local trauma)

(2) The secondary phenotype is influenced by the underlying genetic disorder
(e.g., thrombophilia: e.g., ADAMTS13 deficiency, protein C deficiency, FV-Leiden)

(3) The secondary phenotype is influenced by the iatrogenic vascular injury
(e.g., hospitalization related vascular injury such as surgery, and vascular device/access)

(4) The secondary phenotype is influenced by inappropriate treatment
(e.g., platelet transfusion [e.g., for ITP], or recombinant FVIIa treatment causing fibrin clot disease)
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Table 2. Cont.

3—Basic and Combined Phenotypes of Thrombosis

(1) Microthrombosis, macrothrombosis, fibrin clot disease, and hematoma a

(e.g., EA-VMTD, TTP-like syndrome, MODS, AT, ITP, isolated DVT, isolated PT, APL, hemarthrosis a)
(2) Multiple combined micro-macrothrombosis

(i.e., micro-macrothrombosis with gangrene: e.g., SPG, PDIS, ANF, acrocyanosis, Fournier’s disease;
micro-macrothrombosis with VCCS: e.g., VTE, PTE, CVST)
(3) Complex phenotypes with underlying VMTD and additional localized vascular injury and genetic thrombophilia

(e.g., various phenotypes of “DIC” with microthrombosis and hepatic coagulopathy with/without thrombophilia,
Kawasaki disease with inflammation, purpura fulminans)

Note: APL, acute promyelocytic leukemia; ANF, acute necrotizing fasciitis; AT arterial thrombosis; VCCS, venous
circulatory congestion syndrome; CVST, cerebral venous sinus thrombosis; “DIC”, “false” disseminated intravas-
cular coagulation; DVT, deep vein thrombosis; EA-VMTD, endotheliopathy-associated vascular microthrombotic
diseases; ECs, endothelial cells; EVT, extravascular tissue; ITP, immune thrombocytopenic purpura; IVCT, inferior
vena cava thrombosis; MODS, multiorgan dysfunction syndrome; PDIS, peripheral digit ischemic syndrome;
PT, pulmonary thrombosis; PTE, pulmonary thromboembolism; SET, subendothelial tissue; SPG, symmetrical
peripheral gangrene; TTP, thrombotic thrombocytopenic purpura; VTE, venous thromboembolism; a indicates
extravascular blood clots.

Figure 1. Normal hemostasis based on “two-path unifying theory” (updated and reproduced with
permission from Walters Kluwer Health, Inc., and Chang JC: Blood Coagul Fibrinolysis 2018; 29:573-584).
The concept of this theory is derived from physiological changes of vascular wall damage in vascular
model of in vivo hemostasis based on three hemostatic fundamentals [11]. Nature has endowed hu-
man with only “one” normal hemostatic system to be available to abrogate hemorrhage. Hemostasis
protects humans from accidental bleeding in external bodily injury and provides physiologic wound
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healing. Additionally, it warns human to avoid unnecessary self-inflicted injury and hostile environ-
mental insults which cause intravascular injury that can lead to deadly thrombotic disorder. This
is a true irony of nature—the same hemostatic mechanism not only provides life-saving wound
healing, but also can lead to life-threatening thrombosis. In normal hemostasis, there must be two
sub-hemostatic paths (ULVWF path and TF path), which have to be unified to make normal physi-
ologic hemostasis to produce macrothrombus. In ECs damage due to disease such as sepsis, only
ULVWF path is activated and leads to microthrombogenesis as seen in disseminated endotheliopathy
(e.g., EA-VMTD), but, in ECs and SET damage occurring in a local trauma, both ULVWF path and TF
path are activated locally and lead to fibrinogenesis and eventually leading to macrothrombogenesis
to stop external bleeding or to form a localized distal DVT from internal bleeding. The microthrom-
bogenesis produces microthrombi, which are incomplete blood clots but cause a very serious disease
VMTD if disseminated. The localized macrothrombosis from trauma becomes localized blood clot,
which becomes the hemostatic patch to stop the bleeding, and causes macrothrombus to lead to
localized distal DVT. Abbreviations: DVT, deep venous thrombosis; EA-VMTD, endotheliopathy-
associated vascular microthrombotic disease; ECs, endothelial cells; EVT, extravascular tissue; SET,
subendothelial tissue; NETs, neutrophil extracellular traps; TF, tissue factor; ULVWF, ultra large von
Willebrand factor multimers.

Multiple, large, and extended proximal/central DVT can be best defined as “VTE”. It
usually occurs in the hospitalized patient and is much more serious DVT when compared
to distal DVT. Hospitalization plays the key role for the development of VTE [29]. When a
patient is admitted to the hospital, intensive care unit in particular, with critical illnesses
such as sepsis, and cancer, in-hospital related vascular injury is very common event due to
surgery, vascular access, procedure, vascular device, and mechanical ventilation therapy as
well as in-hospital accident [4].

Local damage of the vessel wall would release two hemostatic components: ULVWF
multimers from ECs and TF from SET/EVT. These two components initiate localized
intravascular hemostasis; the former promotes microthrombogenesis by recruiting platelets
via activated ULVWF path of hemostasis and assembles microthrombi strings, and the latter
initiates fibrinogenesis by forming TF-FVIIa complex via activated TF path of hemostasis
and produces thrombin, which converts fibrinogen to fibrin mesh/clot as depicted in
Figure 1. These two sub-hemostatic paths finally merge together via unifying mechanism
of macrothrombogenesis and produce venous macrothrombosis (e.g., distal DVT) in the
venous system similar to arterial macrothrombosis (e.g., local arterial thrombosis) in arterial
system [4,17]. However, Vascular injury occurring in the hospitalized patient with critical
illnesses may take different course after in-hospital vascular access, which could lead to
VTE distinctly different from distal DVT. To understand two different phenotypes of distal
DVT and VTE, two seminal questions should be contemplated. First, why does serious VTE
occur commonly in hospitalized patients? Second, what is the difference in the thrombus
character between two different phenotypes of distal DVT and VTE? These questions can be
answered by two hemostatic theories (Figures 1 and 2) and Three essentials in thrombosis
and thrombogenesis summarized in Table 2.
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Figure 2. Pathogenesis of vEA-VMTD. The pathogenesis of endotheliopathy is established based on
the “two-activation theory of the endothelium” and is self-explanatory. In the venous system, the
molecular responses triggering exocytosis of ULVWF multimers and FVIII and release of cytokines
in endotheliopathy are expected to be the same to arterial system. However, the physiological
effects between venous and arterial circulation are very different in their shear stress force, vascular
directional flow and role of oxygen delivery as noted in the text. Thus, the clinical phenotype of
aEA-VMTD is typically TTP-like syndrome and MODS with consumptive thrombocytopenia, which
is clinically serious, but that of vEA-VMTD is “silent” ITP with consumptive thrombocytopenia.
In severe sepsis, TTP-like syndrome implies sepsis is complicated by overt “arterial” microthrom-
bosis”, but in mild sepsis, ITP-like syndrome suggests transient “venous” microthrombosis has
had occurred and perhaps is continuously being resolved by ADAMTS13. This difference has a
very important implication in the understanding of combined micro-macrothrombotic syndromes
between gangrene-producing arterial combined micro-macrothrombosis and VTE-producing venous
combined micro-macrothrombosis. Abbreviations: vEA-VMTD, venous endotheliopathy associated
vascular microthrombotic disease; aEA-VMTD, arterial EA-VMTD; ITP, immune thrombocytopenic
purpura; MAC, membrane attack complex; MIS-A, multisystem inflammatory syndrome in adults;
MIS-C, multisystem inflammatory syndrome in children; MOIS, multiorgan inflammatory syndrome;
TCIP, thrombocytopenia in critically ill patients; TTP, thrombotic thrombocytopenic purpura; ULVWF,
ultra large von Willebrand factor.

3. Understanding of Thrombosis Phenotypes

The term “thrombosis” has been used to describe “blood clot(s)” present within the
circulatory system as a generic disease entity. According to contemporary dogma on
hemostasis, every “thrombosis” in vivo is produced via extrinsic cascade progression of
released TF from damaged SET/EVT following an intravascular injury which activates
FVII to FVIIa and coagulation factors, including various serine proteases, protein substrates
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and fibrinogen. However, this simple concept of thrombogenesis based on TF activating
extrinsic coagulation system alone cannot explain the clinical and pathological phenotypes
of many different blood clots observed in clinical medicine and pathology. Thrombosis
defined as the “blood clot” disorder includes the following diseases, but its inclusive term
“thrombosis” is utterly inadequate to address clinical features and laboratory findings
based on extrinsic TF pathway theory alone. The examples [18] are:

• Macrothrombosis developing in DVT, PTE, VTE, CVST, SVT, IVCT, SVCT and Budd–
Chiari syndrome, portal vein thrombosis, acute ischemic stroke, acute myocardial
infarction, aortic thrombus and renal vein thrombosis, etc.

• Microthrombosis developing in TTP, TTP-like syndrome, ARDS, diffuse encephalo-
pathic stroke, hemolytic-uremic syndrome, transient ischemic attack (TIA), microa-
neurysm and thrombosis of the retinal artery, multiorgan dysfunction syndrome
(MODS), hepatic veno-occlusive disease (VOD) and non-occlusive mesenteric is-
chemia (NOMI)

• Heparin-induced thrombocytopenia with “white clot syndrome” (HIT with WCS)
• Gangrene associated with arterial combined micro-macrothrombotic syndrome (e.g.,

symmetrical peripheral gangrene [SPG], purpura fulminans, Fournier’s gangrene
in APL, Buerger’s disease, diabetic gangrene, Raynaud’s phenomenon, and acute
necrotizing fasciitis, diabetic gangrene, etc.) [4,18]

• Fibrin clot disease occurring in acute promyelocytic leukemia (APL) and old term
acute “disseminated intravascular coagulation (DIC)” occurring in EA-VMTD with
hepatic coagulopathy

• Hematoma and hemarthrosis within the tissue or cavitary area
• Concurrent microthrombosis and macrothrombosis in both arterial and venous sys-

tems in paroxysmal nocturnal hemoglobinuria (PNH)

Certainly, many different forms of thrombosis do occur resulting from the complexity
of hemostatic mechanisms affecting: (1) two sub-hemostatic paths (i.e., ULVWF and/or
TF), (2) their unifying path to macrothrombogenesis, (3) venous or arterial systems, (4) mi-
crovasculature or larger vessel, (5) localization in the different vascular tree (i.e., localized
and generalized, and solitary and multiple), and (6) altered hemostatic components asso-
ciated with mutated genes (e.g., protein C, protein S, FV Leiden, and ADAMTS13, etc.).
These combinations produce different characters of thrombi in the size, multiplicity, and
involved tissue and organ as well as vascular system, and determine various clinical
phenotypes [16,17] as summarized in Table 2. Therefore, all inclusively designated term
“thrombosis” cannot provide the clinically explicative diagnosis for each thrombotic disor-
der because the term thrombosis only means an “existential” blood clotting disorder.

Based on two novel hemostatic theories shown in (Figure 1) [30] and (Figure 2) [31],
variable pathologic and clinical phenotypes produced by thrombosis can be clearly and
meaningfully identified in clinical practice. For example, although distal DVT and VTE are
recognized as the same character disease composed of macrothrombus in the venous sys-
tem, they are two different diseases expressing as distinct pathophysiological phenotypes
(Tables 1 and 3).
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Table 3. Two faces of venous thrombosis with pathologic, pathogenetic and laboratory differences
based on two-path unifying theory of hemostasis and endothelial molecular pathogenesis (Repro-
duced with permission from Chang JC: Medicina (Kaunas). 2021 Oct 26;57(11):1163).

Phenotypes Distal DVT
(De Novo Venous Macrothrombosis)

Proximal/Central DVT
(Combined Venous
Micro-Macrothrombosis)

Disease Examples
Venous thrombosis
DVT Distal DVT

VTE Proximal/central, multiple and/or
large/long DVT
Multiple VTE; PTE
IVCT; SVT; PVT; BCS; SVCT; CVST

Other complex venous thrombosis
Mechanisms of Vascular Injury

Events Local trauma (rarely with
surgery/vascular access)

Underlying disease (vEA-VMTD [e.g.,
sepsis]) + local trauma (commonly with
surgery/vascular access)

Extent of vascular damage Local ECs/SET injury Disseminated ECs injury + local/regional
ECs/SET injury

Pathogenesis

Activated thrombosis path ULVWF and TF paths from local trauma ULVWF path from vEA-VMTD and TF
path from regional trauma

Thrombi character Macrothrombus Combined “microthrombi strings–fibrin
meshes”

Severity Typically, solitary and self-limited Serious and often with multiple/large
thrombi

Severe inflammation Absent May be present and can be severe

Venous disseminated EA-VMTD Absent Commonly present (e.g., ITP-like
syndrome)

MOIS Absent Commonly present
Diagnostic Findings/Markers

ITP-like syndrome Does not occur Sometimes occurs
ULVWF/VWF/VWF antigen Normal Overexpressed
FVIII activity Normal Increased
ADAMTS13 activity Normal Mild to moderately decreased
D-dimer Normal Markedly increased
Immune: ANA; APLA; Anti- Negative May be positive
dsDNA; Anti-PF4A

Therapeutic Approach per Theory No treatment or short-term anticoagulant Anticoagulant and antimicrothrombotic
agent (?)

Note: Anti-PF4A, antiplatelet factor 4 antibodies; APLA, antiphospholipid antibodies; BCS, Budd–Chiari
syndrome; CVST, cerebral venous sinus thrombosis; DVT, deep vein thrombosis; vEA-VMTD, venous
endotheliopathy-associated vascular microthrombotic disease; ECs, endothelial cells; EVT, extravascular tissue;
ITP, immune thrombocytopenic purpura; IVCT, inferior vena cava thrombosis, MODS, multiorgan dysfunction
syndrome; PTE, pulmonary thromboembolism; PVT, portal vein thrombosis; SET, subendothelial tissue; SVCT,
superior vena cava thrombosis; SVT, splanchnic vein thrombosis; TF, tissue factor; ULVWF, ultra large von
Willebrand factor; VTE, venous thromboembolism; VWF, von Willebrand factor.

Now, DVT, how do two completely different clinical phenotypes distal DVT and VTE
occur in spite of the same macrothrombosis? To comprehend this undefined pathogen-
esis, the two basic concepts of hemostasis should be understood; one is the genesis of
three thrombosis mechanisms, which are (1) microthrombogenesis, (2) fibrinogenesis, and
(3) macrothrombogenesis illustrated in Figure 1, and the other is the changes in vascular
physiology, which includes (1) physiologic function of hemostatic components from vascu-



Life 2022, 12, 220 10 of 27

lar wall injury depicted in Figure 3, (2) the extent of involvement of vascular tree system in
the microvasculature and larger vessel, and (3) the extent of inclusion of neutrophil extra-
cellular traps (NETs) in the arterial system and venous system [3,18]. Current discussion
will be primarily focused on the venous thrombosis model to identify the pathogenetic
disparity between two phenotypes of DVT.

Figure 3. Schematic illustration of cross section of blood vessel histology and hemostatic components
(Reproduced and modified with permission from Chang JC. Clin Appl Thromb Hemost 2019 Jan–Dec;
25:1076029619887437) [11]. The blood vessel wall is the site of hemostasis (coagulation) to produce
blood clots (hemostatic plug) and to stop hemorrhage in external bodily injury. It is also the site of
hemostasis (thrombogenesis) to produce intravascular blood clot (thrombus) in intravascular injury
that causes thrombosis. Its histologic components are divided into the endothelium, tunica intima,
tunica media and tunica externa, and each component has its function contributing to molecular
hemostasis. As illustrated, ECs damage triggers exocytosis of ULVWF and SET damage promotes
the release of sTF from tunica intima, tunica media and tunica externa. EVT damage releases of eTF
from the outside of blood vessel wall. This depth of blood vessel injury contributes to the genesis of
different thrombotic disorders such as microthrombosis, macrothrombosis, fibrin clots/hematoma
and thrombo-hemorrhagic clots. This concept is especially important in the understanding of different
phenotypes of stroke and heart attack. Abbreviations: EVT, extravascular tissue; eTF, extravascular
tissue factor; SET, subendothelial tissue; sTF, subendothelial tissue factor; RBC, red blood cells;
ULVWF, ultra large von Willebrand factor.

4. Physiological Mechanisms Involved in the Genesis of Thrombosis

Each phenotype in thrombosis, except for a few aberrant thrombotic disorders such
as TTP, APL and HIT with WCS, is initiated by the vascular wall damage following an
intravascular injury, which triggers thrombogenesis via normal hemostasis in vivo. Sur-
prisingly, the same few thrombogenetic mechanisms affecting different organs and tissues
as well as different vascular wall damage produce many distinctly different phenotypes of
the human disease [16]. For examples, the mechanisms of thrombosis involving the vessels



Life 2022, 12, 220 11 of 27

of the brain can cause TIA, acute ischemic stroke, thrombo-hemorrhagic stroke, diffuse
encephalopathic stroke, hemorrhagic stroke, vascular dementia, neuropsychiatric disorder,
or coma [17]. Additionally, different characters of thrombosis involving variable tissues
and organs produce different phenotypes such diseases as myocardial infarction, septic
coagulopathy, antiphospholipid antibody syndrome, acute necrotizing pancreatitis, rhab-
domyolysis, TTP-like syndrome, venous circulatory congestion syndrome, veno-occlusive
disease, peripheral gangrene [3,4], and, of course, two faces of DVT.

4.1. Vascular Wall Physiology in Venous Thrombosis

As in arterial thrombosis generated by normal hemostasis [30], the major phenotypes
of DVT are also determined by two major factors: (1) depth of the vessel wall damage and
(2) extent and location of the injury affecting the vascular tree system. The venous vascular
SET damage from external force (local trauma) or venous ECs damage (endotheliopathy)
due to disease such as sepsis, hypertension, cancer and diabetes can triggers intravenous
hemostasis. The “localized” vascular injury releases local TF from SET and ULVWF from
ECs which produces “distal DVT” in situ. However, “disseminated” endotheliopathy
releases a large quantity of ULVWF multimers in the vascular tree system which attract
platelets and assemble microthrombi strings, producing “vEA-VMTD”.

Physiologically, solitary distal DVT is self-limited disease at the localized site. Also,
“disseminated” venous endotheliopathy is a relatively benign disease because the throm-
bosis “effect” in the venous system is very different from that in the arterial system due
to low pressure flow and slower circulation as well as afferent direction, and there is no
need of oxygen delivery to the organ and tissue. Thus, mild clinical profile is apparent
in venous microthrombosis (i.e., vEA-VMTD) in particular. Microthrombosis of vEA-
VMTD does not cause microangiopathic feature and organ hypoxia. Further, protease
ADAMTS13 efficiently cleaves ULVWF multimers in lower shear stress circulation of the
venous system. Therefore, vEA-VMTD may not be manifested as clinical venous disorder
other than “consumptive thrombocytopenia”, which has been referred as “ITP” associated
sepsis and other microthrombotic diseases [32–34]. This condition can be termed better as
“ITP-like syndrome”. Indeed, dissimilar to aEA-VMTD which is characterized by TTP-like
syndrome with microangiopathic hemolytic anemia (MAHA) and MODS in addition to
thrombocytopenia [5], vEA-VMTD is a “silent” clinical microthrombotic phenotype, but
can become a hemorrhagic phenotype if severe thrombocytopenia of the platelet count
less than 10,000/µL is developed. This identity is an extremely important concept, as
thrombocytopenia in ITP in sepsis is not due to immune destruction of the platelet, but
is the result of consumption of the platelet in the process of microthrombogenesis in ve-
nous endotheliopathy illustrated in Figure 2 [18]. This mechanism will be explained more
convincingly later.

However, vEA-VMTD (i.e., acute ITP or ITP-like syndrome) in sepsis can be a condition
of “the calm before storm” that can very quickly be transformed to a life-threatening VTE.
In sepsis (e.g., COVID-19), if the patient with “silent” vEA-VMTD with “microthrombi
strings” composed of platelet-ULVWF multimer complexes undergoes a vascular access
(e.g., surgery, vascular procedure/device, or mechanical ventilation in ICU) triggering
vascular damage, it would release of TF from SET/EVT of damaged venous vasculature
and activate the TF-FVIIa complex-induced coagulation cascade (i.e., fibrinogenesis), which
produces numerous “fibrin meshes”. These two components, “microthrombi strings”
from “silent” vEA-VMTD and “fibrin meshes” from in-hospital vascular injury would
interact together via the unifying mechanism even though they are derived from two
completely different vascular injuries [18]. The unified macrothrombi complex made of
these binary components would turn into VTE characterized by multiple, large, irregular
and/or extended venous thrombotic disorder with contribution of NETs at local or regional
sites, and often travel to the afferent direction toward the heart and pulmonary artery
causing multiple PTE [4].
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4.2. Hemostasis Leading to Microthrombosis and Macrothrombosis

According to the blood vessel wall-based model of hemostasis (Figure 3) [11], the
damaged vessel is the site of true hemostasis (coagulation) producing a hemostatic plug
“external thrombus” in the external bodily injury, leading to cessation of hemorrhage [30]. It
is also the site of hemostasis (thrombogenesis) initiating intravascular blood clot “thrombus”
in the intravascular injury [16]. Its histologic structures are divided into the endothelium
(i.e., ECs), tunica intima, tunica media and tunica externa, and released components (i.e.,
ULVWF and TF) from vascular wall damage contribute to molecular hemostasis.

The character of macrothrombus is clearly different from that of microthrombi with
dissimilar hemostatic components, and each expresses distinct clinical and pathologic
phenotypes. In essence, microthrombi are composed of platelet-ULVWF complexes re-
sulting from disseminated endotheliopathy in the microvasculature, and macrothrombus
is made of the combined product of microthrombi, fibrin meshes and NETs of various
blood cells, components and molecules at the region of local vessel injury site. A local
arterial or venous vascular wall injury (e.g., trauma) triggers localized release of ULVWF
multimers from ECs and TF from SET into the intravascular space. ULVWF multimers
become anchored to local endothelial membrane and recruit the platelet, and activate
ULVWF path of hemostasis. Separately, TF activates FVII to initiate TF path of hemostasis.
The former produces localized microthrombi strings composed of the platelet-ULVWF
complex via microthrombogenesis and the latter produces fibrin meshes composed of the
thrombin-fibrin complex via fibrinogenesis, in which the unifying process of microthrombi
strings and fibrin meshes form a localized macrothrombus via macrothrombogenesis. This
localized macrothrombosis in the venous system becomes distal DVT [16,18,30].

Pathogen toxins in septicemia (e.g., S protein of SARS-CoV-2 viremia) activates com-
plement system in the host leading to formation of C5b-9 (i.e., membrane attack complex
[MAC]) to neutralize the pathogen and kills infected cells [35]. MAC may cause the mem-
brane pore formation and/or functional changes on the innocent ECs of the host [36] if
endothelial protecting CD59 is underexpressed, and initiate disseminated endotheliopa-
thy limited to ECs [4,5,16]. Endotheliopathy promotes release of ULVWF multimers and
FVIII, and activates platelets. The released ULVWF multimers into the venous circulation
would be cleaved by the protease ADAMTS13 in normal person. However, if mild to
moderate deficiency of ADAMTS13 is present due to heterozygous mutation of the gene
or relative insufficiency of the protease, it results in excessive accumulation of ULVWF
multimers. The uncleaved multimers recruit platelets to form microthrombi strings in
circulation, leading to vEA-VMTD [3,18]. These strings become microthrombi complexes
in circulation and perhaps on the endothelial membrane. Even though microthrombi are
formed and present in circulation, unlike arterial microvascular microthrombosis, venous
microthrombosis in circulation does not cause MAHA and organ hypoxia (i.e., MODS),
and also ADAMTS13 readily cleaves ULVWF multimers in the venous system. Thus,
transient or circulating venous microthrombi may not be manifested as a clinical disorder
(Table 4). Perhaps these are the reasons why vEA-VMTD may remain “silent” compared to
aEA-VMTD in sepsis although platelet consumption is common as seen in acute ITP and
ITP-like syndrome [32,33,37,38].

Accordingly, at least two characters of venous thrombosis occur; one is local trauma
causing solitary and localized macrothrombotic DVT (i.e., distal DVT), and the other is ve-
nous endotheliopathy producing asymptomatic and “silent” but “transient” disseminated
microthrombosis leading to consumptive thrombocytopenia via microthrombogenesis (i.e.,
ITP-like syndrome). Then, a next question is what is the pathogenesis of multiple, large
and extended macrothrombotic DVT (i.e., VTE). According to the unifying mechanism of
hemostasis in vivo, asymptomatic vEA-VMTD can be transformed to inexplicably “serious”
VTE if a septic patient is complicated by additional in-hospital related vascular injury [4,18].
Surgery, vascular access, vascular device, and ventilator support with tracheal intubation as
well as incidental in-hospital trauma can lead to vascular wall damage, which unlike distal
DVT can trigger “venous combined micro-macrothrombosis” characterized by laboratory
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data showing activated ULVWF path with increased release of ULVWF and FVIII and
activated TF path with markedly elevated D-dimer.

Table 4. Clinical phenotypes and mechanisms of endotheliopathy in arterial and venous systems per
“two-path unifying theory” of hemostasis (reproduced from Vaccine-Associated Thrombocytopenia
and Thrombosis: Venous Endotheliopathy Leading to Venous Combined Micro-Macrothrombosis
with permission from Chang JC: Medicina (Kaunas). 26 October 2021; 57(11):1163).

Clinical Phenotype Arterial Endotheliopathy Venous Endothelipathy

aEA-VMTD vEA-VMTD

Underlying pathology Efferent circulation from the heart
(oxygen delivery)

Afferent circulation into the heart and
lungs (CO2 disposal)

Physiological/hemodynamic difference High pressure flow Low pressure flow
High shear stress Low shear stress
Capillary and arteriolar microvascular
event

Venous and pulmonary microvascular
event

Primary cause

Vascular injury (ECs) Sepsis-induced microvascular
endotheliopathy

Sepsis-induced venous endotheliopathy
Vaccine-induced venous endotheliopathy

Vascular pathology site Disseminated aEA-VMTD at
microvasculature

Transient or “silent” vEA-VMTD at
venous system

Activated hemostatic path ULVWF path ULVWF path
Thrombosis component Microthrombi strings Microthrombi strings

Clinical phenotypes TTP-like syndrome ITP-like syndrome
- consumptive thrombocytopenia
- MAHA
- MODS/MOIS

- consumptive thrombocytopenia
- MOIS

Note: aEA-VMTD, arterial endotheliopathy-associated vascular microthrombotic disease; vEA-VMTD, venous-
VMTD; ECs, endothelial cells; ITP, immune thrombocytopenic purpura; MAHA, microangiopathic hemolytic
anemia; MODS, multiorgan dysfunction syndrome; MOIS, multiorgan inflammatory syndrome; TTP, thrombotic
thrombocytopenic purpura; ULVWF, ultra large von Willebrand factor.

4.3. Dissimilarity of VTE from Distal DVT

Distal DVT is distinguishable from VTE by several clinical features (Table 1); first,
it is usually diagnosed in the outpatient setting, but VTE often occurs and is diagnosed
in the hospitalized and critically ill patients; second, it is small, solitary and localized
disorder without inflammation, but VTE tends to be large and multiple lesions with local
extension and commonly is associated with inflammation such as fever, chills and pain
supporting the involvement of inflammatory pathway (Figure 2); third, it occurs typically
without underlying disease, but VTE occurs with preexisting vascular disease such as septic
endotheliopathy, hypertension, diabetes, polytrauma, autoimmune disease or cancer. More
tangibly, in addition to clinical disparity VTE is associated with significantly measurable
abnormalities in the hemostatic laboratory study, which are summarized in Table 3 and
as follows.

• Thrombocytopenia [27,39–45]
• Increased expression and activity of ULVWF/VWF [46–50]
• Increased FVIII activity [46–49]
• Often reduced ADAMTS13 activity [46,47,50]
• Increased D-dimer if VTE is present [20,50–52], but usually normal in distal DVT [20,51–53]
• Sometimes positive ANA [54], anti-dsDNA [55], anti-phospholipid antibodies

(APLA) [56,57], and anti-platelet factor 4 antibodies (APF4A) antibodies supporting
endothelial dysfunction and neo-autoantigen formation [18].

• Elevated inflammatory markers such as interleukin (IL)-6, IL-8, and C-reactive protein
(CRP) [58–60]

The above laboratory findings are absolutely consistent with underlying disseminated
endotheliopathy that leads to (1) activated ULVWF (microthrombotic) path of hemostasis,
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(2) activated inflammatory pathway [61] and (3) potentially activated autoimmune pathway
due to complement activation. Thus, these findings present in complex forms of VTE
infer that underlying vEA-VMTD must be present before the onset of VTE. Additionally,
thrombocytopenia explicitly confirms its mechanism is consumption of platelets from the
activated ULVWF path of hemostasis [11,31,61,62]. Both overexpression of ULVWF/VWF
and increased activity of FVIII are the result of endothelial release from Weibel–Palade
bodies [3,4,11].

Because distal DVT is a localized macrothrombosis from a local trauma, it is typically
solitary and short-lived transient lesion and should not cause the above laboratory changes
occurring in disseminated endotheliopathy. However, if “silent” vEA-VMTD (i.e., ITP-
like syndrome in sepsis) due to venous endotheliopathy is complicated by additional
vascular injury activating TF path and leads to significant “fibrin mesh” production, it
would transform to a serious life-threatening VTE. Then, what could be the pathogenetic
mechanism of VTE such as PTE, CVST [12,63], and rarely observed SVCT/IVCT [44,64],
SVT [13] and Budd–Chiari syndrome [14,65] in bacterial and COVID-19 sepsis and other
critical illnesses?

In Table 5, a novel hemostatic theory and intrinsic character-based classification of
thrombosis identifies three types of DVT, which are (1) distal DVT of macrothrombosis,
(2) vEA-VMTD of microthrombosis, and (3) VTE of combined micro-macrothrombosis.
Since disseminated vEA-VMTD is “silent” without clinical evidence of DVT, only two
forms of clinically significant DVT can be recognized, which are distal DVT and VTE.
Symptomatic microthrombotic disease occurring in hepatic veno-occlusive disease and
paroxysmal nocturnal hemoglobinuria will not be discussed here since they are incom-
pletely understood forms of thrombosis among DVT at this time. Based on “two-path
unifying theory” of hemostasis, VTE presenting with large and multiple macrothromboses
should be termed as “venous combined micro-macrothrombosis” produced by unifying
mechanism of “microthrombi” strings from underlying venous endotheliopathy and “fibrin-
meshes” from another venous vascular event after hospitalization. The pathogenesis is
postulated and illustrated in Figures 4 and 5 [3,4].

Figure 4. Genesis of two different DVT based on two-path unifying theory of hemostasis in vivo.
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Contemporary concept for every DVT is macrothrombosis in the venous system composed of blood
clots containing fibrin clots, platelets, and NETs as a result of activation of TF-FVIIa complex-initiated
coagulation cascade following vascular injury in the venous system. However, the exact mechanism
producing macrothrombosis has not been determined, nor is the composition of macrothrombus
proven. The “two-path unifying theory” of hemostasis and “two-activation theory of the endothe-
lium” have been able to provide the exact role of major hemostatic components, including ULVWF,
platelets, coagulation factors, and various cellular and molecular traps including NETs, in the vascular
system. Based on hemostatic theories, two different phenotypes of DVT can be identified by their
different pathogenesis and character of thrombosis. The genesis of distal DVT in Figure 4 (a) and that
of proximal/central DVT (i.e., VTE) in Figure 4 (b) are summarized and elaborated in the text. Abbre-
viations: DVT, deep venous thrombosis; ECs, endothelial cells; MMT, micro-macrothrombosis; NETS,
neutrophil extracellular traps; SET, subendothelial tissue; TF, tissue factor; ULVWF, ultra large von
Willebrand factor; vEA-VMTD, venous endotheliopathy-associated vascular microthrombotic disease.

Table 5. Classification of thrombosis based on its intrinsic character and different pathogenetic
mechanisms.

Character Phenotypes Microthrombosis Macrothrombosis Combined
Micro-macrothrombosis

Vascular Tree System

Arterial

aEA-VMTD
(e.g., TIA, TCIP, TTP-like
syndrome, MODS such as
DES, HUS, ANP, RML)

Arterial macrothrombosis
(e.g., AIS, aortic thrombosis)

Gangrene (arterial combined
MMT)
(e.g., SPG, multiple digit
gangrene, limb gangrene, PF,
acrocyanosis, Burger’s disease,
Fournier’s disease, necrotizing
fasciitis, diabetic gangrene)

Venous
vEA-VMTD
(e.g., ITP, TCIP, PNH, ARDS,
hepatic VOD)

Venous macrothrombosis
(e.g., distal DVT, solitary DVT)

Multiple DVT (venous
combined MMT)
(e.g., proximal/central DVT,
VTE, PTE, CVST, IVCT, SVCT,
SVT, PVT, Budd-Chiari
syndrome)

Vascular Wall System

Involved vessel
Capillary/arteriole
Venule
Vasa vasorum

Small artery
Vein
-

Multiple small arterial
vasculatures
Multiple extended venous
vasculatures

Thrombus character Microthrombi strings Macrothrombus

Microthrombi strings-fibrin
meshes
Combined
micro-macrothrmbi

Pathogenetic factors Endotheliopathy (ECs)
(e.g., sepsis, diabetes)

Trauma (ECs +SET +/− EVT)
(e.g., vascular access, surgery)

Endotheliopathy + traumatic
vascular injury
(e.g., sepsis + vascular access)
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Table 5. Cont.

Character Phenotypes Microthrombosis Macrothrombosis Combined
Micro-macrothrombosis

Damaged Vessel
Depth of injury ECs ECs + SET +/− EVT ECs + SET +/− EVT
Location Generalized or localized Localized or solitary Multiple or regionalized
Hemostatic components ULVWF + platelet ULVWF+TF + fibrin ULVWF + TF + fibrin + NETs

Involved hemostatic path ULVWF ULVWF and TF ULVWF, TF with NETosis

Note: aEA-VMTD; arterial endotheliopathy-associated vascular microthrombotic disease; vEA-VMTD, venous
EA-VMTD; AIS, acute ischemic stroke; ARDS, acute respiratory distress syndrome; CVST, cerebral venous sinus
thrombosis; DVT, deep vein thrombosis; ECs, endothelial cells; EVT, extravascular tissue; ITP, idiopathic (immune)
thrombocytopenic purpura; IVCT, inferior vena cava thrombosis; MMT, micro-macrothrombosis; NETs, neutrophil
extracellular traps; PVT, portal vein thrombosis; SET, subendothelial tissue; SPG, symmetrical peripheral gangrene;
SVCT, superior vena cava thrombosis; SVT, splanchnic vein thrombosis; TCIP, thrombocytopenic in critically ill
patients; TF, tissue factor; TIA, transient ischemic attack; VTE, venous thromboembolism; ULVWF, ultra large von
Willebrand factor; VOD, veno-occlusive disease.

Figure 5. Pathogenesis of venous combined micro-macrothrombosis (Reproduced and modified
with permission from Chang JC. Vasc Health Risk Manag. 2021, 17, 273–298) [4]. The Figure is self-
explanatory. The pathogenesis of venous combined micro-macrothrombotic syndrome is the same as
in arterial combined micro-macrothrombotic syndrome. Both are combined diseases of the underlying
EA-VMTD caused by endotheliopathy occurring in sepsis or other illnesses and additional vascular
injury caused by in-hospital vascular accesses. However, their clinical phenotypes are very different.
In the venous system of sepsis, vEA-VMTD exists as “silent” microthrombi (e.g., ITP-like syndrome)
and additional vascular injury produces fibrin meshes (fibrin clots). However, physiologically “silent”
microthrombi and fibrin meshes can unify together via macrothrombogenesis and produce the clinical
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phenotype of proximal/central DVT (i.e., VTE). In the arterial system with different circulatory
hemodynamic hemodynamic (i.e., shear stress flow) and physiologic function (i.e., oxygen delivery),
“microangiopathic” microthrombi interact fibrin meshes and unify together via macrothrombogenesis
at the multiple small arteries. It produces the clinical phenotype of multiple peripheral gangrene.
These characteristic differences create “peripheral gangrene” in arterial system and “VTE” in the
venous system even though both are the same combined micro-macrothrombosis as delineated in
Table 6. Abbreviations: CVST, cerebral venous sinus thrombosis; DVT, deep venous thrombosis; ECs,
endothelial cells; EVT, extravascular tissue; ITP, immune thrombocytopenic purpura; IVCT, inferior
vena cava thrombosis; MMT, micro-macrothrombosis; MODS, multiorgan dysfunction syndrome;
SET, subendothelial tissue; SVCT, superior vena cava thrombosis; SVT, splanchnic venous thrombosis;
TF, tissue factor; ULVWF, ultra large von Willebrand factor; vEA-VMTD venous endotheliopathy-
associated vascular microthrombotic disease; VTE, venous thromboembolism.

4.4. Pathogenesis of Combined Micro-Macrothrombosis Syndromes

The normal unifying mechanism between microthrombi strings and fibrin meshes fol-
lowing vascular injury (e.g., aneurysm caused thrombosis and distal DVT) is a localized nat-
ural process of hemostasis [30,31]. However, the same unifying process of “microthrombi
strings” from septic endotheliopathy and “fibrin meshes” from in-hospital vascular injury
is a complex pathologic process leading to combined micro-macrothrombosis because it
results in multiple macrothrombi due to disseminated microthrombi. The unifying mecha-
nism of binary components from two different origins seems to be a far-fetched proposition,
but this pathogenetic mechanism logically explains clinical and laboratory findings of both
arterial and venous combined micro-macrothrombotic disorders They present with striking
clinical features, and raise a serious dilemma in clinical management as well as diagno-
sis. Arterial combined micro-macrothrombosis produces multiple gangrene syndromes
(e.g., SPG), but venous micro-macrothrombosis produces venous circulatory congestion
syndrome (e.g., VTE).

In the arterial system, “fibrin meshes” formed from activated TF path at the arterial
vascular damage site (e.g., in hospital arterial access/device) travel to the tissue via efferent
circulation into the peripheral microvasculature of the digits where they encounter “mi-
crothrombi strings” that have already been formed in the arterioles and capillaries of the
sepsis-associated aEA-VMTD. The unifying process of “microthrombi strings” and “fibrin
meshes” would form numerous “minute combined micro-macrothrombi” within small
arteries and cut off the blood supply to the efferent microvascular tree from the level of
every small artery to the terminal digits, which result in complete saturation of the terminal
arterial system with numerous minute thrombi. This leads to well-demarcated gangrene
at approximately the same level of multiple digits causing total anoxia without collateral
circulation [3,4]. Hemoglobin molecules would be trapped terminally to the efferent direc-
tion of the tissue and digit, and completely be denatured, leading to methemoglobin and
inorganic iron that turn to iron sulfide, and become deposited into the surrounding tissue.
They transform the tissue to gangrene and produce desiccated digits due to total anoxia.
This gangrene syndrome (e.g., SPG) from arterial combined micro-macrothrombosis is
quite a spectacle even in the intensive care unit. This conceptual proposition in arterial
combined micro-macrothrombosis has been hypothesized from the concept of “two-path
unifying theory” in previous publications [3,4,18].

Similarly, in the venous system, “silent” acute vEA-VMTD other than thrombocy-
topenia (i.e., ITP-like syndrome) in sepsis can be transformed to venous combined micro-
macrothrombosis if additional in-hospital venous vascular injury releases fibrin meshes.
The result of the unifying process would be less dramatic because of two reasons; first,
venous circulation is afferent so that combined micro-macrothrombi within the venous
system returning to the heart does not cause tissue and organ hypoxia/anoxia; however,
multiple thrombo-emboli in the pulmonary artery could be the end result of venous micro-
macrothrombi from VTE after passing through the right ventricle of the heart. Second,
the unifying process of “fibrin meshes” and “microthrombi strings” in the venous system
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is slower due to lack of shear stress and low venous pressure. For these reasons, it does
not produce minute macrothrombi, but instead forms extended multiple large-sized blood
clots which are made of multiple long, connected, irregular stripe-shaped venous micro-
macrothrombi complexes at the vicinity of the intravenous injury [18]. This mechanism
produces VTE. The complex form of DVT is a serious life-threatening disease because it
embolizes into the heart and lungs promoting multiple PTE.

Although their binary character of the micro-macrothrombosis is the same, the differ-
ent physiologic nature between arterial and venous systems assembles completely different
phenotypes of combined “micro-macrothrombosis” and affect the different part of the body
expressing unique clinical phenotypes shown in Tables 5 and 6.

Succinctly, the pathogenesis of combined “micro-macrothrombosis” occurring with
gangrene syndrome in the arterial system [66–71] and with VTE and CVST in the venous
system of the septic patient (e.g., COVID-19) results in the same binary complexes of micro-
macrothrombi, but their clinical phenotypes clearly different due to disparate vascular
hemodynamics and functional characteristics between two different vascular systems. The
mechanism of fibrinogenesis from venous or arterial vascular injury interacts with that of
microthrombogenesis from endotheliopathy, leading to combined micro-macrothrombosis
of arterial gangrene and VTE. This unifying hypothesis has solved many mysterious human
diseases. The conceptual framework of interaction between localized fibrin meshes and
disseminated microthrombi has been proposed based on “two-path unifying theory” of
hemostasis and well-documented laboratory findings of VTE as shown in Table 3 [3,4,30,31].
The clinical features, laboratory findings and pathogenetic differences are summarized and
novel classification system of thrombosis is presented in Tables 5–7.

Table 6. Pathogenetic features of combined micro-macrothrombosis in arterial and venous systems
per “two-path unifying theory” of hemostasis.

Clinical Phenotype Arterial Combined
Micro-Macrothrombosis

Venous Combined
Micro-Macrothrombosis

Pathologic nature of thrombosis
(Examples) Gangrene: Venous circulatory congestion syndrome:

SPG, limb gangrene, Fournier’s disease,
PF, diabetic gangrene, necrotizing fasciitis

Proximal/central DVT, VTE, PTE, CVST, PVT,
IVCT/SVCT, SVT, Budd-Chiari syndrome

Primary event
Vascular injury (ECs) Diseases causing microvascular

endotheliopathy
(e.g., sepsis, diabetes, pregnancy)

Diseases causing venous endotheliopathy
(e.g., sepsis, diabetes, pregnancy,
autoimmunity)

Vascular pathology site Disseminated aEA-VMTD at terminal arterial
tree

Regional vEA-VMTD at vascular injury site

Activated hemostatic path ULVWF path ULVWF path
Thrombosis component Microthrombi strings Microthrombi strings
Secondary event
Vascular injury (SET) Arterial vascular damage

(e.g., surgery, vascular accesses/devices)
Venous vascular damage
(e.g., surgery, vascular accesses/devices)

Pathology Fibrin clots in arterial system Fibrin clots in venous system
Vascular pathology site Terminal arterial vasculature tree Large vein or pulmonary artery
Activated hemostatic path TF path TF path
Thrombosis component Fibrin meshes Fibrin meshes
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Table 6. Cont.

Clinical Phenotype Arterial Combined
Micro-Macrothrombosis

Venous Combined
Micro-Macrothrombosis

Pathogenesis
Mechanism Unifying of microthrombi string and fibrin

meshes in arterial system as minute
macrothrombi

Unifying of microthrombi strings and fibrin
meshes in venous system often as connected
macrothrombi

Thrombosis character Microthrombi strings-fibrin meshes complex Microthrombi strings-fibrin meshes complex
Thrombosis form and effect Multiple terminal efferent digit anoxia and

peripheral gangrene
Connected and regional, with circulatory
afferent flow with venous circulatory
congestion syndrome

Note: aEA-VMTD, arterial endotheliopathy-associated vascular microthrombotic disease; vEA-VMTD, venous-
VMTD; CVST, cerebral venous sinus thrombosis; ECs, endothelial cells, DVT, deep venous thrombosis; IVCT,
inferior vena cava thrombosis; PF, purpura fulminans; PVT, portal vein thrombosis; SET, subendothelial issue;
SPG, symmetrical peripheral gangrene; SVCT, superior vena cava thrombosis; SVT, splanchnic vein throm-
bosis; TF, tissue factor; PTE, pulmonary thromboembolism; ULVWF, ultra large von Willebrand factor: VTE,
venous thromboembolism.

Table 7. Novel classification of venous thrombosis based on in vivo hemostatic theories.

Benign DVT Serious DVT

Phenotype Distal DVT “Silent”
vEA-VMTD

VTE PTE “Serious”
vEA-VMTD

Example Calf DVT (local) ITP-like syndrome PVT; SVC;/IVCT;
SVT PTE from VTE

Hepatic VOD

CVST PNH

Clinical
characteristics
Cause Trauma Septic

endotheliopathy
Endotheliopathy +
vascular access

Endotheliopathy +
vascular access

Endotheliopathy

Genesis Local vascular
injury

vEA-VMTD vEA-VMTD +
injury

vEA-VMTD
+injury

Transplant (VOD)
PIGA gene
mutation (PNH)

Thrombosis
character

Macrothrombus Microthrombi
strings

Combined
micro-
macrothrombi

Combined
micro-
macrothrombi

Microthrombi
strings

Activated
hemostatic path

ULVWF + TF ULVWF ULVWF + TF ULVWF + TF ULVWF

Laboratory
characteristics
Thrombocytopenia Absent Common Common May be present Always present
VWF/FVIII
activity

Normal Mildly increased Increased May be increased Markedly
increased

ANA Negative May be positive May be positive May be positive Unknown
Anti-PLA/Anti-
PF4A

Negative May be positive May be positive May be positive Unknown

ADAMTS13
activity

Normal May be decreased Decreased May be decreased Decreased (?)

Proposed
treatment

None/short-term
anticoagulation

No treatment or
IVIG

Anticoagulant +
antimicrothrombotic
agent

Anticoagulant +
antimicrothrombotic
agent

Antimicrothrombotic
Agent (?)

Note: ANA, antinuclear antibody; CVST, cerebral venous sinus thrombosis; DVT deep vein thrombosis; ITP,
immune thrombotic thrombocytopenia; IVCT, inferior vena cava thrombosis; PF4A; platelet factor 4 antibod-
ies; PLA, phospholipid antibodies; PNH, paroxysmal nocturnal hemoglobinuria; PT, pulmonary thrombosis;
PTE, pulmonary thromboembolism; PVT, portal vein thrombosis; SVCT, superior vena cava thrombosis; SVT,
splanchnic vein thrombosis; TF, tissue factor; ULVWF, unusually large von Willebrand factor; vEA-VMTD, ve-
nous endotheliopathy-associated vascular microthrombotic disease; VOD, veno-occlusive disease; VWF, von
Willebrand factor multimers.
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5. Additional Lessons Learned from COVID-19 Associated Thrombotic Syndromes

The insights from the clinical and laboratory changes in various thrombosis syndromes
in COVID-19 pandemic and application of the essentials in hemostasis as well as two
hemostatic theories—the “two-path unifying theory” of hemostasis and “two-activation
theory of the endothelium”—have identified the pathogenetic mechanism of combined
micro-macrothrombosis [4]. In the analytic process, the critical role of hospitalization/ICU
admission in contributing to the complexity of thrombogenesis has been unveiled and also
the character of acute ITP identified.

5.1. Role of In-Hospital and ICU Vascular Injury on the Pathogenesis of VTE

In contrast to distal DVT, VTE can be defined for every DVT characterized by venous
combined micro-macrothrombosis. From the beginning of COVID-19 pandemic, the most
intriguing question has been what is the pathogenetic mechanism of coexisting several
thrombotic syndromes? These includes; (1) ARDS caused by disseminated microthrombosis
in the pulmonary microvasculature, (2) other MODS caused by microvascular microthrom-
bosis in various organs, (3) VTE characterized by multiple, large, irregular, and extended
macrothrombi in proximal and central veins, (4) inexplicable well demarcated peripheral
gangrene syndrome affecting multiple digits, and limbs [4]. Since VTE and peripheral
gangrene syndrome typically occurs after hospitalization, it was surmised that two fac-
tors contribute to the pathogenesis of complexity of thrombotic syndromes. One is the
underlying disease promoting microthrombosis, and the other is additional vascular injury-
induced macrothrombosis after admission to the hospital/ICU. The obvious implication
was in-hospital vascular access-induced injury together with endothelial injury of sepsis
orchestrates different phenotypes of thrombosis [4].

Another interesting question has been why pathogen-based vaccine primarily causes
CVST than VTE. CVST developed in the outpatient setting without COVID-19 infection
following recombinant ChAdOx1-S and Ad26. CoV2.S vaccination [72,73], but the vaccines
did cause complex forms of DVT such as VTE only in few instances. Interestingly, European
Medicines Agency removed the cases of DVT from the reported “thrombosis” associated
with ChAdOx1-S vaccine after detailed review of the original series. Perhaps DVT was
interpreted as secondary thrombosis occurred after admission to the hospital [72]. When we
look back the medical literature, vaccine-induced thrombocytopenia with thrombosis was
mostly resulted in CVST but without direct implication to VTE. On the other hand, both
CVST and VTE have occurred in COVID-19 sepsis and other diseases [12,63,74]. Further,
the past medical literature suggested CVST was associated with head injury [74–76], and
the consistent laboratory findings in both vaccine-induced CVST and sepsis-associated
VTE were characterized by increased FVIII activity and overexpression of VWF [48,49]
confirming of an underlying endotheliopathy [46–50]. This analysis suggests that unre-
ported incidental head injury could have led to post-vaccine CVST due to underlying
vaccine-induced “vEA-VMTD” or preexisting unidentified “silent” vEA-VMTD. VTE was
much more common than CVST in the hospital/ICU admitted patient with sepsis [18].

This interpretation of the role of head injury may explain why vaccine-induced throm-
bocytopenia with thrombosis in non-hospitalized individuals had produced CVST than
VTE. In patients with mild to modest ADAMTS13 deficiency, sepsis or vaccine may provoke
endotheliopathy that activates ULVWF path of hemostasis resulting in consumptive throm-
bocytopenia [18]. Additional incidental head trauma could cause CVST, or in-hospital
vascular injury could trigger VTE via activation of TF path due to SET damage. The poten-
tial role of partial ADAMTS13 deficiency should be evaluated in the patient with CVST
or VTE [46,47,77–79]. This occurrence of venous combined micro-macrothrombosis also
emphasizes how a vascular injury plays a critical role in the development of VTE as well
as CVST.

An additional intriguing question in the COVID-19 pandemic has been why more severe
secondary vascular and tissue injury have occurred in COVID-19 sepsis causing complex
thrombosis syndromes than in other sepsis of the past? In retrospect, the major contributing
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factors for higher incidence of VTE in COVID-19 could have been due to (1) a hyped pandemic
that forced hospitalization and multiple vascular accesses for the diagnosis, monitoring,
and treatment, (2) aggressive respiratory support with mechanical ventilation with tracheal
intubation leading to pulmonary vascular and tissue damage [80–83], and (3) an increased
prothrombotic state due to reactive thrombocytosis secondary to hyperactivated pulmonary
megakaryopoiesis associated with ARDS [84–86].

5.2. New Identity of Acute ITP as ITP-like Syndrome Triggered by Endotheliopathy

The cause and pathogenesis of idiopathic/immune thrombocytopenic purpura (ITP)
have been unknown, but it has been suspected as an autoimmune disease caused by
pathophysiological mechanism of antibody-mediated and/or T cell-mediated platelet
destruction [87–90]. Severe ITP is recognized as a bleeding disorder, but a concern has
been raised that ITP might also be a thrombophilic state because of its increased risk of
thrombosis [33,91–93]. Indeed, the concurrence of unexplained thrombocytopenia (i.e.,
acute ITP) and VTE in the septic patient (e.g., COVID-19 sepsis) has been well known, and
the mechanism of thrombocytopenia has been debated [4]. Further, recently adenovirus-
vectored pathogen-based vaccine against COVID-19 has triggered ITP in association with
a phenotype of venous thrombosis CVST [18,94,95]. This mysterious relationship in the
triangle of (1) pathogen/vaccine, (2) acute ITP and (3) complex forms of DVT (e.g., VTE
and CVST) has become an important topic in COVID-19 pandemic [4,96].

Overexpression of ULVWF/VWF/VWF antigen and increased FVIII activity are well
established as the important markers for endotheliopathy promoting ULVWF path of
hemostasis [3,11]. Further, decreased ADAMTS13, thrombophilic condition in ULVWF
path, has been associated with ITP [97,98] and VTE [45,47,50]. However, MAHA and
MODS occurring in TTP-like syndrome in association with the arterial microvasculature
(i.e., aEA-VMTD) are absent in ITP and VTE. These differences suggest certain pathogen
(e.g., SARS-CoV-2) could more likely cause endotheliopathy in the venous system (i.e., vEA-
VMTD) as illustrated in Table 4. The findings of overexpressed ULVWF/VWF, increased
FVIII activity and decreased ADAMTS13 activity support that both ITP and TTP-like
syndrome are the result of the same pathogenetic process triggered by endotheliopathy (i.e.,
EA-VMTD) with different phenotype expression. The paucity of MAHA and MODS in ITP
different from TTP-like syndrome can be interpreted that ITP is mild form of EA-VMTD, but
TTP-like syndrome is severe form of EA-VMTD. How could this discrepancy be possible?
Table 4 summarizes the different characteristics between arterial endotheliopathy leading
to aEA-VMTD that causes TTP-like syndrome and venous endotheliopathy leading to
vEA-VMTD that causes ITP-like syndrome [5,18]. MAHA and MODS are absent in venous
endotheliopathy due to low venous pressure and lack of shear stress as well as afferent
blood flow, but only triggering consumptive thrombocytopenia dissimilar to TTP-like
syndrome. Thus, it can be called “ITP-like syndrome”.

If a septic patient with ITP-like syndrome and “microthrombi strings” in vEA-VMTD
encounters a vascular damage due to vascular access in the hospital/ICU setting [99,100],
TF released from SET/EVT would activate FVII, leading to TF-FVIIa complex-induced
coagulation cascade, and form “fibrin meshes” at the vascular damage site. These two
dynamic hemostatic complexes initiate the unifying mechanism of “microthrombi” of septic
vEA-VMTD and “fibrin meshes” of venous vascular injury, leading to a life-threatening
multiple “venous combined micro-macrothrombosis” (i.e., VTE) (Figures 4 and 5). ITP-like
syndrome commonly behaves as benign thrombotic disorder (i.e., “silent” vEA-VMTD)
as predicted, but can turn to malignant thrombophilic/thrombotic disorder (i.e., VTE,
including CVST) [33,91,92] if complicated by additional vascular injury. Therefore, ITP-
like syndrome resulting from consumptive thrombocytopenia is a prothrombotic disorder
contributing to VTE, but also becomes bleeding disorder if severe thrombocytopenia occurs.

Similar to acute ITP in acute venous endotheliopathy of sepsis (i.e., ITP-like syndrome),
the prominent finding of vEA-VMTD is consumptive thrombocytopenia perhaps in contin-
uing state of low grade microthrombogenesis and microthrombolysis, which could also
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explain certain cases of chronic ITP that is characterized by low grade endotheliopathy
associated with chronic cardiovascular disease [101–104]. This endotheliopathy in some of
chronic ITP and acute ITP (ITP-like syndrome) produces consumptive thrombocytopenia
from activated ULVWF path, but this could be only the beginning stage of more serious
venous combined micro-macrothrombosis. The platelet via consumptive thrombocytopenia
creates a strange bridge between thrombosis and bleeding in the cause-effect relationship
of hemostasis in vivo [3–5,16,18]. What an irony ITP/TTP-like syndrome is as vascular
disorder each producing thrombosis and bleeding!

6. Consideration for the Diagnosis, Prevention and Treatment of Venous Combined
Micro-Macrothrombosis

This author proposes a novel classification of venous thrombosis based on hemostatic
theories as illustrated in Table 7. In most cases, the differential diagnosis between distal DVT
due to local macrothrombosis and VTE due to venous combined micro-macrothrombosis
can be readily established by their clinical features, imaging studies and laboratory changes
as summarized in Tables 3 and 6. The following laboratory test results should not only con-
firm the diagnosis, and but also support the pathogenetic mechanism of venous combined
micro-macrothrombosis.

• Thrombocytopenia
• Increased activity of FVIII
• Overexpression of ULVWF/VWF/VWF antigen
• Markedly increased D-dimer level
• Decreased ADAMTS13 activity

To prevent VTE in the hospitalized patient, it should be understood and emphasized
that the hospitalization and admission to the intensive care unit are the most important
contributing factor to the complexity of thrombosis, especially in the patient with sepsis
and other critical illnesses, which pathogenesis leads to activated complement-induced
endotheliopathy that promotes vEA-VMTD and eventually leading to venous combined
micro-macrothrombosis. Therefore, in-hospital vascular event should be minimized for
all the patients with the safe vascular access technic, special vascular care directive and
guideline before, during and after surgical and vascular events. Thromboprophylaxis may
be necessary as indicated with an anticoagulant, but theoretically thromboprophylaxis is
not needed once the patient is discharged from the hospital without evidence of DVT. Con-
tinuing anticoagulation therapy may be hazardous due to potential bleeding complication.

Distal DVT may be treated with a shot-term oral anticoagulant [105,106]. The diagno-
sis of VTE can be readily established with if evidence of endothliopathy is present. The
treatment should be decisive and comprehensive with proper management of the underly-
ing VMTD. For the confirmed diagnosis of VTE with evidence of underlying vEA-VMTD, in
addition to TF path inhibiting anticoagulant, clinical trials with additional antimicrothrom-
botic therapy such as recombinant ADAMTS13, N-acetyl cysteine, and intravenous im-
munoglobulin (IVIG) would be appropriate to prevent microthrombogenesis and/or correct
underlying endotheliopathy producing microthrombosis [4], These combined therapeutic
approaches eventually may prevent not only both venous and arterial combined micro-
macrothrombosis, but also may reverse venous combined micro-macrothrombosis. The
therapeutic effects can be monitored with the above laboratory parameters.

As far as the management approach for ITP-like syndrome (acute ITP) is concerned,
preventive effort for the bleeding and thrombosis should be started with the patient ed-
ucation stressing the importance of avoiding trauma and injury, and limiting vascular
access. Non-bleeding patient with chronic ITP does not need platelet transfusion if the
platelet count is above 20,000/µL. Raising the platelet count might be more detrimental
to the patient because it may upregulate microthrombogenesis and endotheliopathy. In-
stead, close surveillance is recommended to determine the trend of vascular health using
the platelet count, FVIII activity, ULVWF/VWF antigen expression, and D-dimer level.
In ITP-like syndrome and TTP-like syndrome, the platelet count of less than 10,000/µL
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may be an emergency trigger for short term prophylactic platelet transfusion [107] along
with IVIG and/or steroid. Since platelet transfusion is contraindicated in consumptive
thrombocytopenia associated with active endotheliopathy, it may contribute to diffuse
encephalopathic stroke [17,108] and even diffuse microvascular myocardial ischemia [109].

7. Conclusions

Deep venous thrombosis is a very common thrombotic disorder with two major
clinical phenotypes. One is distal DVT, which occurs with an incidental vascular trauma
leading to isolated local macrothrombosis. It is a benign condition and self-limited disease
with excellent prognosis and requires only a short-term anticoagulation treatment. The
other is VTE characterized by venous combined micro-macrothrombosis associated with
an underlying vEA-VMTD in the patient with sepsis or other critical illnesses. It occurs as
a result of additional venous vascular injury in the hospital setting, especially the intensive
care unit, and is a life-threatening condition that requires carefully planned management
program for its prevention and coordinated therapeutic approach including combined
anitmicrothrombotic treatment and anticoagulant therapy. An urgent task force is needed
for creating well-designed prevention and therapeutic trials based on the in vivo hemostatic
concept to prevent venous combined micro-macrothrombosis and to reduce morbidity and
mortality from VTE.
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54. Natorska, J.; Celińska-Lowenhoff, M.; Undas, A.I. High prevalence of antinuclear antibodies in patients following venous

thromboembolism. Adv. Clin. Exp. Med. 2018, 27, 827–832. [CrossRef] [PubMed]
55. Andrianova, I.A.; Ponomareva, A.A.; Mordakhanova, E.R.; Le Minh, G.; Daminova, A.G.; Nevzorova, T.A.; Rauova, L.; Litvinov,

R.I.; Weisel, J.W. In systemic lupus erythematosus anti-dsDNA antibodies can promote thrombosis through direct platelet
activation. J. Autoimmun. 2020, 107, 102355. [CrossRef]

56. Farmer-Boatwright, M.K.; Roubey, R.A. Venous Thrombosis in the Antiphospholipid Syndrome. Arter. Thromb. Vasc. Biol. 2009,
29, 321–325. [CrossRef] [PubMed]

57. Karahan, S.; Erol, K.; Yuksel, R.C.; Artan, C.; Celik, I. Antiphospholipid antibodies in COVID-19-associated pneumonia patients
in intensive care unit. Mod. Rheumatol. 2021, 32, 163–168. [CrossRef] [PubMed]

58. Roumen-Klappe, E.M.; den Heijer, M.; van Uum, S.H.; van der Ven-Jongekrijg, J.; van der Graaf, F.; Wollersheim, H. Inflammatory
response in the acute phase of deep vein thrombosis. J. Vasc. Surg. 2002, 35, 701–706. [CrossRef] [PubMed]

59. Vazquez-Garza, E.; Jerjes-Sanchez, C.; Navarrete, A.; Joya-Harrison, J.; Rodriguez, D. Venous thromboembolism: Thrombosis,
inflammation, and immunothrombosis for clinicians. J. Thromb. Thrombolysis 2017, 44, 377–385. [CrossRef]

60. Jezovnik, M.K.; Poredos, P. Idiopathic venous thrombosis is related to systemic inflammatory response and to increased levels of
circulating markers of endothelial dysfunction. Int. Angiol. 2010, 29, 226–231.

61. Chang, J.C. Viral hemorrhagic fevers due to endotheliopathy-associated disseminated intravascular microthrombosis and hepatic
coagulopathy: Pathogenesis based on “two activation theory of the endothelium. Clin. Microbiol. Infect. Dis. 2017, 2, 1–6.
[CrossRef]

62. Garabet, L.; Henriksson, C.E.; Lozano, M.L.; Ghanima, W.; Bussel, J.; Brodin, E.; Fernández-Pérez, M.P.; Martínez, C.; González-
Conejero, R.; Mowinckel, M.-C.; et al. Markers of endothelial cell activation and neutrophil extracellular traps are elevated
in immune thrombocytopenia but are not enhanced by thrombopoietin receptor agonists. Thromb. Res. 2020, 185, 119–124.
[CrossRef]

63. Al-Mufti, F.; Amuluru, K.; Sahni, R.; Bekelis, K.; Karimi, R.; Ogulnick, J.; Cooper, J.; Overby, P.; Nuoman, R.; Tiwari, A.; et al.
Cerebral Venous Thrombosis in COVID-19: A New York Metropolitan Cohort Study. Am. J. Neuroradiol. 2021, 42, 1196–1200.
[CrossRef] [PubMed]

http://doi.org/10.1182/asheducation-2017.1.660
http://doi.org/10.1186/s13045-020-01003-z
http://doi.org/10.1177/1074248420958973
http://doi.org/10.1097/CRD.0000000000000347
http://doi.org/10.1007/s00277-020-04366-y
http://doi.org/10.1378/chest.100.6.1493
http://www.ncbi.nlm.nih.gov/pubmed/1959389
http://www.ncbi.nlm.nih.gov/pubmed/26550230
http://doi.org/10.1177/1076029615613158
http://www.ncbi.nlm.nih.gov/pubmed/26512063
http://doi.org/10.1016/j.thromres.2020.10.037
http://www.ncbi.nlm.nih.gov/pubmed/33212380
http://doi.org/10.1177/1076029610375815
http://doi.org/10.1159/000331048
http://www.ncbi.nlm.nih.gov/pubmed/21967990
http://doi.org/10.1136/jnnp.2006.103465
http://doi.org/10.1111/bjh.17216
http://doi.org/10.1097/01.mbc.0000187649.29204.f3
http://doi.org/10.1182/blood.2019002364
http://doi.org/10.1111/j.1538-7836.2012.04895.x
http://www.ncbi.nlm.nih.gov/pubmed/22906051
http://doi.org/10.17219/acem/78361
http://www.ncbi.nlm.nih.gov/pubmed/29877639
http://doi.org/10.1016/j.jaut.2019.102355
http://doi.org/10.1161/ATVBAHA.108.182204
http://www.ncbi.nlm.nih.gov/pubmed/19228605
http://doi.org/10.1080/14397595.2021.1892257
http://www.ncbi.nlm.nih.gov/pubmed/34922398
http://doi.org/10.1067/mva.2002.121746
http://www.ncbi.nlm.nih.gov/pubmed/11932666
http://doi.org/10.1007/s11239-017-1528-7
http://doi.org/10.15761/CMID.1000124
http://doi.org/10.1016/j.thromres.2019.11.031
http://doi.org/10.3174/ajnr.A7134
http://www.ncbi.nlm.nih.gov/pubmed/33888450


Life 2022, 12, 220 26 of 27

64. McAree, B.J.; O’Donnell, M.E.; Fitzmaurice, G.J.; Reid, J.A.; Spence, R.A.J.; Lee, B. Inferior vena cava thrombosis: A review of
current practice. Vasc. Med. 2013, 18, 32–43. [CrossRef] [PubMed]

65. Espinoza, J.A.L.; Júnior, J.E.; Miranda, C.H. Atypical COVID–19 presentation with Budd-Chiari syndrome leading to an outbreak
in the emergency department. Am. J. Emerg. Med. 2021, 46, 800.e5–800.e7. [CrossRef]

66. Novara, E.; Molinaro, E.; Benedetti, I.; Bonometti, R.; Lauritano, E.C.; Boverio, R. Severe acute dried gangrene in COVID-19
infection: A case report. Eur. Rev. Med Pharmacol. Sci. 2020, 24, 5769–5771. [PubMed]

67. Wang, J.S.; Pasieka, H.B.; Petronic-Rosic, V.; Sharif-Askary, B.; Evans, K.K. Digital Gangrene as a Sign of Catastrophic Coronavirus
Disease 2019-related Microangiopathy. Plast. Reconstr. Surg. Glob. Open 2020, 8, e3025. [CrossRef] [PubMed]

68. Martino, G.P.; Bitti, G. COVID Fingers: Another Severe Vascular Manifestation. Eur. J. Vasc. Endovasc. Surg. 2020, 61, 97.
[CrossRef] [PubMed]

69. Qian, S.-Z.; Pan, J.-Y. COVID-19 With Limb Ischemic Necrosis. J. Cardiothorac. Vasc. Anesthesia 2020, 34, 2846–2847. [CrossRef]
[PubMed]

70. Gheisari, M.; Baghani, M.; Ganji, R.; Forouzanfar, M. Huge carbuncle leading to necrotizing fasciitis in the COVID-19 pandemic
era. Clin. Case Rep. 2021, 9, 1583–1586. [CrossRef]

71. Alonso, M.N.; Mata-Forte, T.; García-León, N.; Vullo, P.A.; Ramírez-Olivencia, G.; Estébanez, M.; Álvarez-Marcos, F. Incidence,
Characteristics, Laboratory Findings and Outcomes in Acro-Ischemia in COVID-19 Patients. Vasc. Health Risk Manag. 2020, 16,
467–478. [CrossRef]

72. European Medicines Agency. Signal Assessment Report on Embolic and Thrombotic Events (SMQ) with COVID-19 Vaccine
(ChAdOx1-S [recombinant])—COVID-19 Vaccine AstraZeneca (Other Viral Vaccines). 2021. Available online: https://www.ema.
europa.eu/en/documents/pracrecommendation/signal-assessment-report- (accessed on 19 December 2021).

73. See, I.; Su, J.R.; Lale, A.; Woo, E.J.; Guh, A.Y.; Shimabukuro, T.T.; Streiff, M.B.; Rao, A.K.; Wheeler, A.P.; Beavers, S.F.; et al. US
Case Reports of Cerebral Venous Sinus Thrombosis with Thrombocytopenia After Ad26.COV2.S Vaccination. JAMA 2021, 325,
2448–2456. [CrossRef]

74. Saadatnia, M.; Fatehi, F.; Basiri, K.; Mousavi, S.A.; Mehr, G.K. Cerebral Venous Sinus Thrombosis Risk Factors. Int. J. Stroke 2009,
4, 111–123. [CrossRef] [PubMed]

75. Giladi, O.; Steinberg, D.M.; Peleg, K.; Tanne, D.; Givon, A.; Grossman, E.; Klein, Y.; Avigdori, S.; Greenberg, G.; Katz, R.; et al.
Head trauma is the major risk factor for cerebral sinus-vein thrombosis. Thromb. Res. 2016, 137, 26–29. [CrossRef] [PubMed]

76. Matsushige, T.; Nakaoka, M.; Kiya, K.; Takeda, T.; Kurisu, K. Cerebral Sinovenous Thrombosis After Closed Head Injury. J.
Trauma Inj. Infect. Crit. Care 2009, 66, 1599–1604. [CrossRef] [PubMed]

77. Tsai, H.-M. ADAMTS13 and microvascular thrombosis. Expert Rev. Cardiovasc. Ther. 2006, 4, 813–825. [CrossRef]
78. Calabrò, P.; Gragnano, F.; Golia, E.; Grove, E.L. von Willebrand Factor and Venous Thromboembolism: Pathogenic Link and

Therapeutic Implications. Semin. Thromb. Hemost. 2017, 44, 249–260. [CrossRef] [PubMed]
79. Karakaya, B.; Tombak, A.; Serin, M.S.; Tiftik, N. Change in plasma a disintegrin and metalloprotease with thrombospondin type-1

repeats-13 and von Willebrand factor levels in venous thromboembolic patients. Hematology 2016, 21, 295–299. [CrossRef]
80. Nicholson, C.J.; Wooster, L.; Sigurslid, H.H.; Li, R.H.; Jiang, W.; Tian, W.; Cardenas, C.L.L.; Malhotra, R. Estimating risk of

mechanical ventilation and in-hospital mortality among adult COVID-19 patients admitted to Mass General Brigham: The VICE
and DICE scores. EClinicalMedicine 2021, 33, 100765. [CrossRef]

81. Divatia, J.V.; Myatra, S.; Khan, P.U. Tracheal intubation in the ICU: Life saving or life threatening? Indian J. Anaesth. 2011, 55,
470–475. [CrossRef]

82. McGuinness, G.; Zhan, C.; Rosenberg, N.; Azour, L.; Wickstrom, M.; Mason, D.M.; Thomas, K.M.; Moore, W.H. Increased Incidence
of Barotrauma in Patients with COVID-19 on Invasive Mechanical Ventilation. Radiology 2020, 297, E252–E262. [CrossRef]

83. Guglielmetti, G.; Quaglia, M.; Sainaghi, P.P.; Castello, L.M.; Vaschetto, R.; Pirisi, M.; Corte, F.D.; Avanzi, G.C.; Stratta, P.;
Cantaluppi, V. “War to the knife” against thromboinflammation to protect endothelial function of COVID-19 patients. Crit. Care
2020, 24, 1–4. [CrossRef]

84. Lefrancais, E.; Ortiz-Muñoz, G.; Caudrillier, A.; Mallavia, B.; Liu, F.; Sayah, D.M.; Thornton, E.E.; Headley, M.; David, T.; Coughlin,
T.D.S.R.; et al. The lung is a site of platelet biogenesis and a reservoir for haematopoietic progenitors. Nature 2017, 544, 105–109.
[CrossRef] [PubMed]

85. Kroll, M.H.; Kharghan, V.A. Platelets in Pulmonary Vascular Physiology and Pathology. Pulm. Circ. 2012, 2, 291–308. [CrossRef]
[PubMed]

86. Rapkiewicz, A.V.; Mai, X.; Carsons, S.E.; Pittaluga, S.; Kleiner, D.E.; Berger, J.S.; Thomas, S.; Adler, N.; Charytan, D.; Gasmi, B.;
et al. Megakaryocytes and platelet-fibrin thrombi characterize multi-organ thrombosis at autopsy in COVID-19: A case series.
EClinicalMedicine 2020, 24, 100434. [CrossRef]

87. Zufferey, A.; Kapur, R.; Semple, J.W. Pathogenesis and Therapeutic Mechanisms in Immune Thrombocytopenia (ITP). J. Clin. Med.
2017, 6, 16. [CrossRef]

88. Audia, S.; Mahévas, M.; Samson, M.; Godeau, B.; Bonnotte, B. Pathogenesis of immune thrombocytopenia. Autoimmun. Rev. 2017,
16, 620–632. [CrossRef] [PubMed]

89. LeVine, D.N.; Brooks, M.B. Immune thrombocytopenia (ITP): Pathophysiology update and diagnostic dilemmas. Vet. Clin. Pathol.
2019, 48, 17–28.

http://doi.org/10.1177/1358863X12471967
http://www.ncbi.nlm.nih.gov/pubmed/23439778
http://doi.org/10.1016/j.ajem.2021.01.090
http://www.ncbi.nlm.nih.gov/pubmed/32495913
http://doi.org/10.1097/GOX.0000000000003025
http://www.ncbi.nlm.nih.gov/pubmed/32802690
http://doi.org/10.1016/j.ejvs.2020.07.065
http://www.ncbi.nlm.nih.gov/pubmed/32807675
http://doi.org/10.1053/j.jvca.2020.03.063
http://www.ncbi.nlm.nih.gov/pubmed/32359711
http://doi.org/10.1002/ccr3.3839
http://doi.org/10.2147/VHRM.S276530
https://www.ema.europa.eu/en/documents/pracrecommendation/signal-assessment-report-
https://www.ema.europa.eu/en/documents/pracrecommendation/signal-assessment-report-
http://doi.org/10.1001/jama.2021.7517
http://doi.org/10.1111/j.1747-4949.2009.00260.x
http://www.ncbi.nlm.nih.gov/pubmed/19383052
http://doi.org/10.1016/j.thromres.2015.11.035
http://www.ncbi.nlm.nih.gov/pubmed/26653366
http://doi.org/10.1097/TA.0b013e3181a3a8e6
http://www.ncbi.nlm.nih.gov/pubmed/19509620
http://doi.org/10.1586/14779072.4.6.813
http://doi.org/10.1055/s-0037-1605564
http://www.ncbi.nlm.nih.gov/pubmed/28898897
http://doi.org/10.1080/10245332.2015.1125079
http://doi.org/10.1016/j.eclinm.2021.100765
http://doi.org/10.4103/0019-5049.89872
http://doi.org/10.1148/radiol.2020202352
http://doi.org/10.1186/s13054-020-03060-9
http://doi.org/10.1038/nature21706
http://www.ncbi.nlm.nih.gov/pubmed/28329764
http://doi.org/10.4103/2045-8932.101398
http://www.ncbi.nlm.nih.gov/pubmed/23130099
http://doi.org/10.1016/j.eclinm.2020.100434
http://doi.org/10.3390/jcm6020016
http://doi.org/10.1016/j.autrev.2017.04.012
http://www.ncbi.nlm.nih.gov/pubmed/28428120


Life 2022, 12, 220 27 of 27

90. Johnsen, J. Pathogenesis in immune thrombocytopenia: New insights. Hematol. Am. Soc. Hematol. Educ. Program. 2012, 2012,
306–312. [CrossRef]

91. Rasheed, M.; Soliman, M.A.T.; Yassin, M.M.A. Thrombosis in Patients with Immune Thrombocytopenia, Review of Literature.
Blood 2020, 136, 9–10. [CrossRef]

92. Rodeghiero, F. ITP and thrombosis: An intriguing association. Blood Adv. 2017, 1, 2280. [CrossRef]
93. Moulis, G.; Audemard-Verger, A.; Arnaud, L.; Luxembourger, C.; Montastruc, F.; Gaman, A.M.; Svenungsson, E.; Ruggeri,

M.; Mahévas, M.; Gerfaud-Valentin, M.; et al. Risk of thrombosis in patients with primary immune thrombocytopenia and
antiphospholipid antibodies: A systematic review and meta-analysis. Autoimmun. Rev. 2016, 15, 203–209. [CrossRef]

94. Schultz, N.H.; Sørvoll, I.H.; Michelsen, A.E.; Munthe, L.A.; Lund-Johansen, F.; Ahlen, M.T.; Wiedmann, M.; Aamodt, A.-H.;
Skattør, T.H.; Tjønnfjord, G.E.; et al. Thrombosis and Thrombocytopenia after ChAdOx1 nCoV-19 Vaccination. N. Engl. J. Med.
2021, 384, 2124–2130. [CrossRef] [PubMed]

95. Wolf, M.E.; Luz, B.; Niehaus, L.; Bhogal, P.; Bäzner, H.; Henkes, H. Thrombocytopenia and Intracranial Venous Sinus Thrombosis
after “COVID-19 Vaccine AstraZeneca” Exposure. J. Clin. Med. 2021, 10, 1599. [CrossRef]

96. Portuguese, A.J.; Sunga, C.; Kruse-Jarres, R.; Gernsheimer, T.; Abkowitz, J. Autoimmune- and complement-mediated hematologic
condition recrudescence following SARS-CoV-2 vaccination. Blood Adv. 2021, 5, 2794–2798. [CrossRef] [PubMed]

97. Casonato, A.; Fabris, F.; Boscaro, M.; Girolami, A. Increased factor VIII/vWf levels in patients with reduced platelet number. Ann.
Hematol. 1987, 54, 281–288. [CrossRef]

98. Moore, J.C.; Hayward, C.; Warkentin, T.E.; Kelton, J.G. Decreased von Willebrand factor protease activity associated with
thrombocytopenic disorders. Blood 2001, 98, 1842–1846. [CrossRef]

99. Pluta, J.; Trzebicki, J. Thrombocytopenia: The most frequent haemostatic disorder in the ICU. Anestezjol. Intensywna Ter. 2019, 51,
56–63. [CrossRef] [PubMed]

100. Jonsson, A.B.; Rygård, S.L.; Russell, L.; Perner, A.; Møller, M.H. Bleeding and thrombosis in intensive care patients with
thrombocytopenia-Protocol for a topical systematic review. Acta Anaesthesiol. Scand. 2019, 63, 270–273. [CrossRef] [PubMed]

101. Willoughby, S.; Holmes, A.; Loscalzo, J. Platelets and cardiovascular disease. Eur. J. Cardiovasc. Nurs. 2002, 1, 273–288. [CrossRef]
102. Sharma, S.P.; Chaudhary, R.; Gupta, P.; Kondur, S.; Gatla, N.; Blaceri, S.; Choksi, N.; Kassab, E.; Sareen, N.; Kondur, A. Baseline

thrombocytopenia in women with coronary heart disease increases incident acute coronary syndrome: Insights from national
inpatient database. J. Thromb. Thrombolysis 2020, 50, 462–467. [CrossRef]

103. Chandan, J.S.; Thomas, T.; Lee, S.; Marshall, T.; Willis, B.; Nirantharakumar, K.; Gill, P. The association between idiopathic
thrombocytopenic purpura and cardiovascular disease: A retrospective cohort study. J. Thromb. Haemost. 2018, 16, 474–480.
[CrossRef]

104. Park, H.-K.; Lee, S.-H. Ischemic stroke associated with immune thrombocytopenia: Lesion patterns and characteristics. Neurol.
Sci. 2014, 35, 1801–1806. [CrossRef] [PubMed]

105. Kirkilesis, G.; Kakkos, S.K.; Bicknell, C.; Salim, S.; Kakavia, K. Treatment of distal deep vein thrombosis. Cochrane Database Syst.
Rev. 2019, 4, CD013422. [CrossRef]

106. Palareti, G. How I treat isolated distal deep vein thrombosis (IDDVT). Blood 2014, 123, 1802–1809. [CrossRef] [PubMed]
107. Squires, J.E. Indications for platelet transfusion in patients with thrombocytopenia. High Speed Blood and Transfusion Equipment

2015, 13, 221–226. [CrossRef]
108. Goel, R.; Ness, P.M.; Takemoto, C.M.; Krishnamurti, L.; King, K.E.; Tobian, A.A.R. Platelet transfusions in platelet consumptive

disorders are associated with arterial thrombosis and in-hospital mortality. Blood 2015, 125, 1470–1476. [CrossRef]
109. Wiernek, S.L.; Jiang, B.; Gustafson, G.M.; Dai, X. Cardiac implications of thrombotic thrombocytopenic purpura. World J. Cardiol.

2018, 10, 254–266. [CrossRef]

http://doi.org/10.1182/asheducation.V2012.1.306.3798320
http://doi.org/10.1182/blood-2020-136513
http://doi.org/10.1182/bloodadvances.2017007989
http://doi.org/10.1016/j.autrev.2015.11.001
http://doi.org/10.1056/NEJMoa2104882
http://www.ncbi.nlm.nih.gov/pubmed/33835768
http://doi.org/10.3390/jcm10081599
http://doi.org/10.1182/bloodadvances.2021004957
http://www.ncbi.nlm.nih.gov/pubmed/34255033
http://doi.org/10.1007/BF00320876
http://doi.org/10.1182/blood.V98.6.1842
http://doi.org/10.5603/AIT.2019.0011
http://www.ncbi.nlm.nih.gov/pubmed/31280553
http://doi.org/10.1111/aas.13268
http://www.ncbi.nlm.nih.gov/pubmed/30318582
http://doi.org/10.1016/S1474-51510200038-5
http://doi.org/10.1007/s11239-020-02096-6
http://doi.org/10.1111/jth.13940
http://doi.org/10.1007/s10072-014-1843-0
http://www.ncbi.nlm.nih.gov/pubmed/24880747
http://doi.org/10.1002/14651858.CD013422
http://doi.org/10.1182/blood-2013-10-512616
http://www.ncbi.nlm.nih.gov/pubmed/24472834
http://doi.org/10.2450/2014.0105-14
http://doi.org/10.1182/blood-2014-10-605493
http://doi.org/10.4330/wjc.v10.i12.254

	Introduction 
	Distal DVT vs. Proximal/Central DVT 
	Understanding of Thrombosis Phenotypes 
	Physiological Mechanisms Involved in the Genesis of Thrombosis 
	Vascular Wall Physiology in Venous Thrombosis 
	Hemostasis Leading to Microthrombosis and Macrothrombosis 
	Dissimilarity of VTE from Distal DVT 
	Pathogenesis of Combined Micro-Macrothrombosis Syndromes 

	Additional Lessons Learned from COVID-19 Associated Thrombotic Syndromes 
	Role of In-Hospital and ICU Vascular Injury on the Pathogenesis of VTE 
	New Identity of Acute ITP as ITP-like Syndrome Triggered by Endotheliopathy 

	Consideration for the Diagnosis, Prevention and Treatment of Venous Combined Micro-Macrothrombosis 
	Conclusions 
	References

